Malawi malaria treatment guidelines recommend a definitive diagnosis, using a malaria rapid diagnostic test (mRDT), for all patients with fever or history of fever. Improving the management and outcomes of febrile children with negative mRDT results should be a priority.
Introduction
The World Health Organization (WHO) now recommends that all persons, in all epidemiological settings, who are suspected of having malaria, should have a parasitological confirmation of diagnosis by either a malaria rapid diagnostic test (mRDT) or microscopy. 1 As a result, mRDTs are now being integrated into community case management programmes [2] [3] [4] to mitigate against parasite resistance to antimalarial drugs and reduce waste associated with presumptive treatment. 5 However, although mRDTs are highly sensitive, 6 health workers still treat for malaria even after negative mRDT test results. 7, 8 The fear that a child who has a false negative mRDT result may be sent home to deteriorate has been suggested as the reason why negative mRDT results are so often disregarded. This noncompliance to negative results is a threat to the success of integrated community case management (iCCM), as it could lead to overtreatment, as well as missed diagnoses of other febrile illnesses. [9] [10] [11] In this study, we assessed the clinical outcomes of febrile under-five children, with negative mRDT results, who were treated by community health workers with antipyretics at village clinics in Mchinji District, Malawi.
Methods

Study setting
The study was done in Mchinji District, in the Central Region of Malawi. The district has a total population of 511,792, of which 17% are under-five children. 12 Childhood diseases are a serious public health problem in the district, wherein between January and October 2014, 50,092 under-
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Clinical outcomes among febrile children aged 2 to 59 months with negative malaria rapid diagnostic test results in Mchinji District, Malawi five children were diagnosed with malaria, 43,338 with diarrhoea, and 34,530 with acute respiratory infections (ARI). 13, 14 Malaria transmission is perennial in the district, peaking during the rainy season (November to April), and a third of the children will have fever at any given time. 13 Treatment of common childhood diseases such as malaria, pneumonia, and diarrhoea occurs at 12 health centres across the district, or by community health workers (CHWs) who operate the 124 village clinics scattered across the district. 13 These government-paid CHWs undergo a six-day community case management course, during which they are meant to acquire the capacity and skills to provide treatment for common childhood diseases (fever as a proxy of malaria, "fast breathing" [pneumonia], and diarrhoea) and conduct referrals for children with danger signs, as dictated by iCCM guidelines. In 2014, the district implemented a pilot project aimed at integrating mRDTs and rectal artesunate into the iCCM guidelines. Details of the pilot have been reported elsewhere. 15 
Study design
We conducted a prospective cohort study among children aged 2 to 59 months old, with fever or a history of fever within the 48 hours preceding enrolment, who had sought care from CHWs and were assessed and found to be mRDTnegative during classification. Caregivers of sick children were asked to return to the village clinics on days 3 and 7 for clinical assessment. The Malawi College of Medicine Research and Ethics Committee (COMREC) reviewed and approved the study.
Results
The median age of recruited children was 19 months. Of the 285 children enrolled, 139 (48.8%) were females. Of the children for whom data were available for analysis, 95/236 (40.3%) had fever (temperature ≥ 37.5°C) at enrolment, and almost half of the sick children (125/268; 46.6%) had symptoms of upper respiratory tract infection. Most sick children (89.6%; 95% confidence interval, CI = 84.2 to 93.3) recovered, while 10.4% (95% CI: 6.7 to 15.8) were still sick by day 7 of follow-up. There were no deaths reported during the 7 days of follow-up. Being afebrile at enrolment (odds ratio, OR = 2.5; 95% CI = 1.1 to 6.0; P = 0.027) and sleeping under an insecticide-treated net (ITN) (OR = 2.7; 95% CI = 1.2 to 6.2; P = 0.011) were associated with recovery by day 7. In multivariable analysis, sleeping under an ITN the previous night was the only factor associated with recovery by day 7. Microscopy did not detect any malaria parasites in the blood of recruited children, at recruitment or on day 7.
Conclusions
In this community-level study, the majority of febrile children with negative mRDT results recovered within 7 days of health worker consultation for a febrile illness, having only taken antipyretics.
with clinical outcomes. All analyses were performed using Stata (version 12). For all analyses, a P-value less than 0.05 was considered significant.
Results
Of the 285 children that were enrolled, 139 (48.8%) were females. The median age was 19 months, with an interquartile range (IQR) of 23. Of the children for whom data were available for analysis, 95/236 (40.3%) had fever (temperature ≥ 37.5°C) at enrolment, and almost half of the sick children (125/268; 46.6%) had other symptoms that were suggestive of upper respiratory tract infection. All of the children were treated with antipyretics but none of the children received antibiotics ( Table 1) . During the night prior to enrolment, 210/259 (81.1%) of the children were reported, by their guardians, to have slept under an insecticide-treated net (ITN), and microscopy revealed that none of the children had malaria parasitaemia on day 0 or day 7. Among the enrolled children, no deaths were reported during the 7-day follow-up period. On day 3 of follow-up, out of 213 that reported for review, 178 (83.6%) of the children had recovered, compared to 35 (16.4%) who were still sick. Being afebrile at the time of enrolment (odds ratio, OR = 2.5; 95% CI = 1.1 to 6.0) and sleeping under an ITN the night before enrolment (OR = 2.7; 95% CI = 1.2 to 6.2) were associated with recovery on day 3. By day 7, 163 (89.6%) of 182 children (who returned for follow-up and for whom data were available for analysis) had recovered, and 19 (10.4%) were still sick. Only sleeping under an ITN (OR = 2.7; 95% CI = 1.1 to 7.8) was associated with recovery by day 7. In multivariable analysis, sleeping under an ITN (OR = 4.3; 95% CI = 1.3 to 13.7) was the only factor associated with recovery at day 7. Of the 19 children who remained sick on day 7, 15 were reported to be in the same condition as they were at enrolment, while 4 were reportedly in worse condition than at the baseline assessment.
Discussion
Our study has shown that the majority (89.6%) of febrile under-five children with negative mRDT results, who were treated with antipyretics by CHWs and sent home, recovered by day 7 of follow-up. None of the children that remained sick had any malaria parasites on day 7. Our findings are consistent with the WHO and Malawi government recommendation to treat only confirmed malaria cases with antimalarial medication, and to assess for other causes of fever in febrile children with negative mRDT results then treat accordingly. 16 The findings from this study also support the Malawi iCCM guidelines for CHWs, reaffirm that most non-malarial fevers resolve within a few days, and demonstrate that the trained CHWs can assess and manage fever in children at the community level. 17 Interestingly, we found that all children who were either well or sick by day 7 of follow-up had blood smears that were negative for malaria on microscopy on day 0 and day 7 of follow-up. This reinforces the fact that not all febrile children have malaria and encourages adherence to guidance about negative mRDT results at all levels of the healthcare delivery system. 16, 18 An evaluation of Paracheck-Pf devices at four health centres in Blantyre District found that the sensitivity for these mRDT devices was relatively high (91%) for detecting any level of parasitaemia, despite the tests being conducted by healthcare workers with varying qualifications. 10 Another study (conducted in the Central
Data collection Enrolment
Using a standardised study tool, enrolment was done in September 2014 at 14 randomly selected village clinics within the areas that implemented the aforementioned iCCM pilot project. 15 Children with fever or a history of fever within the previous 48 hours, who were mRDT-negative using Paracheck-Pf devices (Orchid Biomedical Systems, Bambolim, India), who had not received any antimalarial drugs during the two weeks prior to enrolment, and who had no danger signs (convulsions, repeated vomiting, lethargy, severe anaemia, loss of consciousness) were eligible for participation. After their parents or guardians provided written informed consent, all enrolled children were assigned unique identification numbers, and a study team member administered a questionnaire to the guardians of each child. In addition, a thick blood smear sample was obtained from each participant for malaria parasite detection under microscopy. Detailed map directions to the home of each patient were recorded, in case a patient did not return for follow-up. Each sick child was prescribed an antipyretic and advised to come for review on days 3 and 7 post-enrolment.
Follow-up visits
On Day 3, clinical assessments were done and study staff administered a questionnaire. Possible follow-up classifications were recovered (defined as a resolution of symptoms, for example absence of fever, and a child that was feeding well), still sick (defined as persistence or worsening of symptoms), dead, and lost to follow-up. All of the children were asked to come again on day 7 for a final clinical evaluation. On day 7, a study team member conducted a final clinical assessment, administered a questionnaire, collected a thick smear for malaria parasitaemia analysis, and determined a clinical outcome. Participants who did not return to the village clinic on either day 3 or day 7 were followed up at their homes by the study team. A participant who was not located after three consecutive attempts was assigned an outcome of lost to follow-up.
Laboratory
Thick blood smears were collected on days 0 and 7 from the study participants and were double-read. The slides were stained with 3% Giemsa for 45 minutes. A blood slide was considered negative after examining 500 white blood cells with no asexual parasites.
Sample size determination
The baseline prevalence of fever among children 2 to 59 months of age was 52.8% in Mchinji District. 13 The incidence of mRDT-negativity among the febrile children between 2 and 59 months of age was estimated at 20% in the district. Using a power of 90%, with a probability of committing a type 1 error being 5%, and assuming 20% loss to follow-up rate, a sample size of 280 febrile children (or those who were febrile in the preceding 48 hours) between 2 and 59 months of age was determined.
Statistical analysis
As with febrile under-five children assessed for any other illnesses, and considering that children with a negative mRDT result are expected to recover without the use of antimalarials, the main outcome of interest was recovery within 7 days of follow-up. We conducted a per protocol analysis. A multivariable model was chosen to reflect all of the predictors that were associated African Republic) found that the sensitivity for Paracheck-Pf devices was greater than 95% at a parasite density greater than 500 parasites/µL. 19 Both of these evaluations concluded that the use of mRDTs, with reinforced microscopy practice and laboratory quality assurance, would improve the quality of malaria treatment. The high test agreement between mRDT and microscopy results also supports the previous finding that showed that 97% of mRDTs are correctly performed and interpreted by CHWs. 15 While this may have resulted from ongoing training and mentoring related to the mRDT and rectal artesunate project, it also illustrates that, when they are appropriately trained, community-level CHWs can deliver services of comparable quality to those delivered by facility-level health workers. 20 There were some limitations for this study; first, although the findings of this study suggested a significantly high clinical response to only antipyretics for children who were mRDT-negative, it is possible that some parents or guardians might have given their sick children medications sourced elsewhere, which might have had an effect on the outcome of the study. Although all enrolled children reportedly did not receive antimalarials within 14 days prior to enrolment, there was no way of corroborating this information. Second, this study was carried out in only 14 village clinics in rural areas of Mchinji District and during the dry season; as such, we may not be able to generalise the results to the entire district, country, or across all seasons. Third, we observed that there was a loss to follow-up of more than 20% on days 3 and 7 after enrolment. Although this is expected, as caretakers of children whose symptoms resolve may not be motivated to come back to the clinic for review, it may still lead to biased results. Lastly, this study was conducted within a setup where a pilot study on integrating rapid diagnostic testing for malaria and rectal artesunate in iCCM was being carried out. Therefore, the ongoing community campaigns and health promotions on the use of village clinics could have promoted a social desirability bias towards interventions and improved skills for the CHWs, which may not be a true reflection of all CHWs in Malawi.
Conclusions
Our study has shown that the majority of febrile underfive children with negative mRDT results recovered with only antipyretics. Supportive observation-based supervision and mentoring on the iCCM package for CHWs at the community level should be promoted to help CHWs intervene appropriately, whether an mRDT result is negative or positive, and perform thorough assessments and implement appropriate management to all febrile children. 
